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PUICXPUI  or  TK  NQLSCOLAH  ANPUrZSB  AID  OZmATORS  OF  COBSSZIT  LXOBT 

%r 

B.  U.  Tavorskij 

In  tha  Innt  two  joaro  tboro  havo  appoarod  tourcea  of  light  now  in  prin- 
ciplo,  which  poaaooa  unaaiiMl  proportion.  Abroad  theao  sourcoa  of  light  aro 
callod  optical  saaora  or  lanora.  bat  aore  correctly  one  ahoold  call  then  goD> 
eratora  of  cohorent  li^t  (6IS). 

The  acheiio  of  the  genoratora  of  light  ia  baaed  on  the  nnc  of  tbo  princi¬ 
ple  of  Bolecular  aaplification  of  olactroaagnetic  waroa.  The  principle  of 
the  Bolecalar  aapllfler  in  torn  ia  baaed  on  the  une  of  the  phenoBenon  of 
forced  (induced  or  atimilated)  oBiaeion,  theoretically  predicted  by  A.  Zin- 
atein  aa  far  back  aa  1917  Z~l_7« 

forced  ttiiealOB  and  the  frinciple  of  Molecular  Aaplification  Let  no 
consider  two  of  aoae  kind  of  legitinate  energy  atatea  of  the  atoB  or  Bolecule. 
Aa  la  generally  d<we  we  will  portray  theae  atatea  on  a  diagraa  ia  the  fom 
of  horiaontal  atralght  linea  «diich  correapond  to  different  lerela  of  energy 
(fig.  1).  Atone  can  pans  froa  one  lerel  to  Mother  (froa  one  atate  into  the 
others  aa  the  reeult  of  rariona  procoaaea.  The  tern  optical  proceaaea  la 
need  for  proceaaea  tdiich  are  accoapaaied  by  the  aaianion  or  the  obeorption 
of  electroeagnetlc  radiation. 

Up  to  linatein'e  tlae  one  talked  about  only  two  optical  proceaaea s  apon- 
taneoua  eaiaalon  and  abaorptlon.  In  epontaneoua  eaiaaion  the  aton  paaaea  froa 
a  fal^r  lowel  to  a  lower  one  and  the  ezeeao  of  energy  ia  giren  off  ia  the 
fora  of  the  energy  of  photode  hurled  awhf  froa  it.  According  to  aodera  ia- 
terpretationa  the .  a3>ontaaeoaa  tranaitiona  aro  brought  about  by  the  ao-called 
quantua  neutral  oacillatioaa  of  an  aloctronagnetic  field. 
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Zb  %i»  prceestes  of  mboorptloa  th*  mXom  aboerbo  a  pbatoa  aad  paooos 
froB  a  lower  OBorgjr  lorol  to  a  Zdctaar  oaa. 

The  atoB  can  cItc  off  aad  absorb  mdjr  photono  eorreopeadlac  to  aa  oalo- 
•loa  with  a  f requenejr -y  ,  dato:-BlB»d  bp  Bohr's  kaowa  rslatioashlp 

A.=£,-.£,.  (1) 

whore  h»  Is  Flaack's  constaat.  aad 


X2  are  the  energies  of  the  atoa  la  the  first  aad  second  states. 

Xlnstela  showed  that  there  should  be  a  third  process— forced  or  stlan- 
latf-d  ealssloa.  This  process  Is  brought  about  oalp  bp  photons  lAldi  satls> 
fp  the  relationship  (!)• 

The  photon  flplng  past  aa  atoB  which  Is  In  the  upper  energp  level  1^ 
as  It  were  knocks  It  down  to  the  level  X]^.  In  this  case  the  atoa  gives 
off  the  ezcess  of  Its  energp  Just  as  la  the  spontaneous  process  la  the  fora 
of  the  energp  of  a  new  |du>ton.  In  this  wap  the  further  fli(^t  coasiats  of 
two  photons. 

Xlnsteln  showed  that  the  forced  ealsslon  should  be  coapletelp  Identical 
In  Its  paraaeters  with  the  forcing  ealsslon.  The  new  photon  has  the  saae 
energp  and  files  strlctlp  la  the  saae  direction  as  the  idioton  iriilch  stli^ 
ulated  Its  eoergence.  In  wave-theozp  language  the  effect  sla^p  aaounts  to 
an  Increase  In  the  aaplltude  of  a  passing  wave  without  change  la  Its  freque^ 
cp,  direction  of  Its  propagation,  phase,  and  polarisation.  The  farced  ra¬ 
diation  la  flMtWfWt:  with  the  forcing  radiation.  Xlnstela  introduced  the 


posslbllltp  of  three  optical  processeat 


Xlg.  1  Kept  (1)  spontaneous  ealasloa; 
(2)  absorption:  '3)  forced  ealsslon. 


^2^  probablllcp  of  spoataaeous 
ealsslon:  probabllltp  of 

abeorptlqa,  where  Is  the  volt^ 
aetrle  deasltp  of  the  absorbed 
ealssloa:  X2if»  probabllltp  ef 
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forced  MioalMU 


Bo  aloo  obovod  tl»t 


At,  »Kkt* 
*•  * 


(2) 

(3) 


Zb  the  pasBlac  of  radlatioa  throu^  a  lajTor  of  aubataxico  tho  procosaao  of 
abaorptloa  trill  dlalalah  aad  the  procosBOs  .of  forciag  ealaaloB  will  lacroaaa 
its  iateasity  at  the  ezpeasa  of  additional  photoas  ealttad  hp  the  atoaa.  It 
is  possible  to  show  that  the  iadez  of  abaorptioa  of  the  nedlnB  h  satisfies 


the  relatioaship  (3)t 


where  is  the  dispersioa  hgr  frequencies  which  characterises  the  sharjH 
BOSS  of  the  resonanea: 
is  the  conceatratioa  of  atoas  at  tha  IotoI 
I2  ia  the  concentration  of  atoaa  at  tha  IotoI  1^. 

B7  aakinc  uae  of  (2)  we  will  gott 


(5) 


Ordinarily  I2  is  less  than  and  thoroforo  tho  indoz  of  absorption  is  pos> 
itiro.  The  processes  of  absorption  prowall  OTor  tbs  processes  of  forced 
oaissioB. 

The  flux  of  eaissioa  7  Is  woahonod  in  passing  throu^  a  layer  of  sub¬ 
stance  of  the  thickness  L  according  to  the  known  Bouguor's  lavt 

Such  a  weakening  in  the  intensity  will  be  obsenred,  ia  particular 
nedia  idiich  is  ia  theraodynaaic  equillbriua.  In  oquilibrised  coaditions 

Here  k  is  BoltsBaan*s  ^nstaatt 

T  is  the  absolute  tsaporature. 

In  the  period  1939-'19b0  T.  A.  Wbrikaat  l^zj  for  the  first  tiae 


•  4 

^  'n 
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called  attmtlOB  to  the  peoaibilit/  of  obtulBlac  m  aadlwa  oitli  a  Mfatloa  ea- 

afficlaat  of  abaerptlea  K.  Aceordiaf  to  (5)  to  do  tbia  it  la  auffielaat  to 

fulfill  tha  laaqualitp  ^>1 

^  (8) 

The  inaquallt/  (6)  clearljr  can  ba  obtained  froa  (7)  oaly  at  aagatlTO  ab- 
aolute  tanparatoraa,  alaca  B^.  Thla  alcaiflea  that  the  laaquality  (8) 
la  attalnabla  only  undar  UBaqullibrlaad  condltloaa  whea  (7)  la  easantlall/ 
no  longer  applicable.  Tor  aalatalniag  a  aedlua  la  a  atate  of  laaqull Ibrlta 
corresponding  to  (8)  It  la  nacessary  to  ezclta  It  froa  an  aztraaaons  aourea 
of  energy.  In  there  was  pointed  out  a  conerata  aethod  for  obtaining 

plasna  of  a  gas  dlscharga  with  negatiwo  Index  of  ahaorptloa.  *The  lattor 
has  not  yet  been  obserwad  a  single  tisw  la  a  dladtarge  aotwi  thatand  lag  tha 
fact  that  such  a  ralatloashlp  la  prlnclpla  can  bo  aecosipllshod  (Pom.  B.  Ta.) 

.  It  aacaa  to  as  that  a  realiatlc  but  dlfficnlt  way  of  obtaining  tho 

necessary  condltloaa  is  the  usa  ...  of  nolecwlar  adnlatares  for  broaklag 
down  the  lower  laTala.  In  inch  azparlMats  wo  will  obtain  an  Intensity  of 
the  emitted  radlatloa  greater  than  the  Incldaat  oao  (Para.  B.  To.)  ...  and 
It  would  be  possible  to  apaM  of  direct  ezperlnental  proof  of  negatlTo  ab- 
sorption* 

Actiially  la  this  case  Bouguar's  law  takas  on  tha  fora  jf~3  ‘u>d  kjt 

F=F/»'S  (9) 

smd  the  Intensity  of  ealttad  radlatloa  X  la  greater  thaa  I^. 

The  relationship  (9)  la  a  general laatloa  of  Boogaer's  law  to  aadla  with 
a  negatlTo  Index  of  absorption.  The  law  of  Bougaer  and  Ibbrlkaat  (9)  do> 
scribes  the  aTalaacballke  Increase  la  lateaslty  la  proportloa  to  tha  dlo- 
parslon  of  a  baaa  la  a  aedlua.  la  thla  way  la  the -paper  thebe  was 

giTsn  the  first  prallalaaxy  foraolatloa  of  a  aaw  prlaelple  of  aapllfleatloai 
later  called  the  prlnclpla  of  aoleeular  aapllflcatloa. 

h 
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Rewtrar.  up  to  I95I  •zporluouto  voro  eurriod  ea  oololjr  for  tho  puv> 
poae  of  prorlas  th*  oxlotooco  of  iadneod  radlatioa.  la  1951  tho  qiuoatlsa 
arooo  about  the  practical  uoo  of  aedla  with  ao(atiTO  ladoz  of  ahoorptioa. 

Tho  goaoral  foraulatloa  of  the  prlaclplo  of  aoleeular  aaplificatloa  for  a 
broad  ran^e  of  elec troaa^e tic  radlatloao  was  flTea  by  ▼.  A.  Vabrlhaat.  N. 

N.  Budynokly,  aad  1.  A.  Batayoea  la  aa  authorehlp  elala  uader  lo.  576,749/;;6 
under  date  of  Juae  18,  1951  deeerlptloa  of  the  lare'ritfoa  for 

the  certificate  of  authorehip  lo.  123,209  ioaued  oa  thia  applicatioa  of  a 
"Method  of  anpllfyin^  electroaa^etlc  radiation  (ultraviolet,  vielblo,  inf  rap- 
red,  aad  radio- range  wavee)”  it  ia  etatedt 

"There  ie  propoaed  a  method  of  amplifying  electromagnetic  radiation  baaed 
on  the  phenomenon  of  Induced  eaiaeion  theoretically  developed  by  A.  Unatein 
ia  1917*  Vith  the  propoaed  method  of  amplification  there  doea  not  occur  a 
converaion  of  the  the  amplifiable  energy  into  other  kiada  of  energy.  Tho 
method  ia  aul table  for  amplifying  ultraviolet,  infrared,  aad  radio-range  wavea. 

"Tor  acconpliahing  the  described  method  of  amplification  there  ia  created 
a  medium  which  has  a  negative  coefficient  of  absorption  of  radiation.  The  in* 
tensity  of  the  flux  of  mdiatioa  passing  through  ouch  a  medium  Increases, 
which  produces  the  effect  of  amplification.  A  medlvus  with  negative  index 
of  absorption  ie  created  at  the  expense  of  an  incqullibrlted  dispersion  of 
the  particles  of  the  medium  (for  example,  atoms  or  molecules)  as  to  their 
energy  states.  The  concentration  of  particles  on  the  upymr-u8R|^.  etatee 
should  exceed  (taking  into  account  the  statistic  wei^ts)  the  concentration 
of  particles  oa  the  lower  energy  states." 

Ihrther  in  the  descriptioa  of  tho  inventioa  there  are  considered  some 
methods  of  obtaining  InequUItrlsed  distributions  of  particles  accordli^  to 
their  energy  levels  used  at  the  present  time  for  the  creation  of  masers 


and  laMrs.  Tlw  tokjcet  of  tb«  larMtion  was  foraolatcd  la  tb»  fellavii^  aajrt 
"A  Mthad  .  of  aapllfylnc  •loetroaacBttle  ndlatlea  laltrarlelot,  Tlaiblo, 
Infrarod.  and  radlo-ranco  oavaa)  which  la  dlatlnculabad  >7  tha  fast  that  tho 
aapllflahle  radiation  la  paaaad  through  a  aedlna  la  which  with  tha  aid  of  ana- 
Illary  radiation  or  hy  another  way  them  la  craatcd  a  concentration.  ezaaaslTe 
in  conparlaon  with  an  oqullihriied  one.  of  atoaa,  other  partlclea,  or  ay^ 
tena  of  the  latter  on  the  upper  enercy  lewela. *  ^ 

The  flrat  nolecular  A^neratora  of  radio  warea  uelad  the  principle  of 
■olecular  aapllflcatloa  were  created  hy  1.  ft.  Baaow  and  A.  X.  Prokborow  /~5_7 
and  alao  hy  Oordon,  Zelfer.  and  Townea  /~6_7  195^* 

Althon^tha  power  of  the  nolecular  generatora  waa  exceedingly  anall— 
r,  their  creation  prored  to  he  the  puab  for  rapid  doTelopneat  of  a 
now  branch  of  technology— (uan tun  radio  technology. 

Qenemtora  of  Coherent  Ll^t  By  naklng  uae  of  the  fomulaa  (3)  (5) 

one  can  cosqpare  the  radio  range  and  the  optical  range  fron  the  point  of  view 
of  the  poeaihllltlea  for  ualng  the  ualng  the  principle  of  nolecular  anpll- 
flcatlon. 

It  la  clear  that  apontaneoua  tranaltlona  are  not  aultable  for  the  par> 
poaea  of  nolecular  anpllflcatlon.  Tbeae  tranaltiona  reduce  the  nunber  of 
atone  H2  on  the  upper  lerel  and  thereby  nake  nore  difficult  the  acconpllal^ 
nent  of  Inequality  ^6).  At  the  aanc  tine  the  probability  of  apontaneoua 
tranoitloao  A21.  according  to  the  fomola  (3)  la  proportional  to  the  cube 
of  the  frequency.  The  frequency  of  radio  waToa  even  of  the  nltraahort  range 
la  ao  low  that  A21  la  -practically  equal  to  aero.  Por  wlalblo  ll|^t  tha 
frequency  la  greater  by  fire  ordero.  eorreapondlngly  A21  by  fifteen  ordera 
(by  10^^  tinea!)  greater  (for  pemiaalTo  tranaltlona  A2I  s  10^— 10^  aec*^). 
The  Infrared  range  in  In  a  aonewhat  better  poaltlon. 
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iB  spite  of  the  difflcultiee  peiatod  out.  1.  A.  Butagrer*  aad  f.  A.  fBW 
rlkmat  isj  aecoopllehed  a  aedina  with  aesatlTO  eoefflcleat  of  absorptloa 
la  aercury  vaporo  excited  hy  a  glow  dlocharge.  The  research  was  doae  oa  the 
llaes  of  a  ▼lalhle  aorcurp  trlplst  with  wars  lengths  5^6,074;  435^.3^  and 
4046.56  2.  Tor  selectlTO  hreakdowa  of  the  lower  lerele,  to  the  aercurjr  there 
'Van  added  aolecular  hydrogen  with  a  pressure  of  soae  allllaetei  s  oa  the  Bar<- 
cury  coluam.  As  a  result  I2  oa  the  upper  lersl  hecaae  aore  than  Ii  of  the 
concentration  on  the  lower  levels,  and  aapllflcatlon  was  obtained  on  the 
two  upoer  lines  of  the  triplet,  respectively,  sijual  to  1.14  and  1.1.  Oa  the 
line  4046.56  2  no  aapllflcatlon  was  observed.  T.  K.  Ablekov,  N.  S.  Pesln,  and 
I.  L.  fhbellnskly  1^7 J  accoapllshed  a  aedina  with  negative  absorption  with 
the  aid  of  selective  excitation  of  atoas  up  to  the  upper  levd.  A  gas  dis¬ 
charge  was  effected  in  a  alxture  of  vapors  of  mercury  and  sine.  An  aapll- 
ficatlon  was  observed  for  the  red  lias  of  tine  with  a  wave  length  of  6,362  i. 
The  upper  level  of  this  line  Is  close  to  one  of  the  levels  of  the  atoa  of 
aercuiy,  which  creates  the  possibility  of  selective  excitation  of  this  level 
of  sine  with  collisions  between  the  excited  atone  of  aercury  aad  the  normal 
atoas  of  sine  with  transaissloa  of  energy  from  the  atoms  of  areuxy  to  the 
atoBS  of  sine,  sines  of  the  first  la  the  discharge  It  was  groater  than 

obtained  a  change  in  the  transparency  of  the  ae- 
diuB  for  the  llae  6,362  2  under  dif¬ 
ferent  conditions  of  froa  1.5  to  10. 

Thrther.  In  the  appllcatioa  of 
T.  A.  Tsbrlkant,  N.  N.  Bulyaakly,  and 
T.  A.  Butayeva  it  was  pointed 

aedlua;  out  that  the  effect  of  amplification 
can  be  increased  nany  tines  by  passing 


of  the  latter.  The  authors 


Tig.  2.  Keyt  (1)  amplifying 
(2)  mirror. 
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aa  aapllfyinc  threucb  on*  tbe  wjm  lajrtr  of  tfao  aaplif/lBC  Mdiua. 

TblB  can  bo  attained  bp  mtllni'  the  lapor  of  the  ■tdlna  botvoen  too  airroro. 

It  1958  A.  M.  ProWioroT  8_/  HOd  ooM  tiao  later  Schavlov  and  Townes  9_y 
■bowed  that  tbe  uee  of  eacb  a  dewlce  can  lead  to  tbe  traneltlan  froa  the 
procetB  of  aapllflcatlon  to  tbe  proceee  of  c*DBx*tion.  9or  this  It  le  suf¬ 
ficient  that  tbe  coefficient  of  the  reflection  of  alrrore  p  eatlBf>  tbe  ob- 

TlouB  condition  im,  . 

f*'  '  (10) 

1.  e. ,  the  loeeeB  In  the  mirror  ehould  be  leaa  than  tbe  ajnpllfl cation  in  the 

aedlna. 

Bealdea,  tbe  nlrrora  ahould  be  aufflclentlp  flat  (plane)  aund  aet  paraloll 
to  each  other. 

If  between  aach  nlrrora  one  puts  a  aedlua  %rltb  nsdatlwe  abaorptlon  then 
anp  photon  arlalng  In  thle  aedlua  at  the  ezpenae  of  apontaneoua  ealeslon  of 
atoms  and  proceeding  In  a  direction  close  to  tbe  noraal  to  tbe  two  nlrrora 
will  bring  Into  eziotance  a  whole  aralauace  of  photons  (Vlg.  2).  Tbe  closer 
the  direction  of  the  propagation  of  tbe  photon  la  to  tbe  noraal  tbe  greater 
tbe  amount  of  reflection  which  the  bean  will  undergo  before  It  goes  awap  at 
tbe  edge  of  the  mirror.  Therefore  onlp  raps  close  to  the  noraud  undergo 
great  amplification.  If  one  of  the  nlrrora  la  aade  somewhat  trai^rent  then 
through  It  there  bursts  a  directed  pencil  of  light  raps  of  great  brightness. 
All  these  rape  will  be  coherent.  In  principle  tbe  Halt  of  the  power  of 
the  bea  Is  deterained  In  the  glren  case  bp  tbe  power  brought  to  tbe  exci¬ 
tation  of  tbe  aedlua.  In  prlncljAe  the  Halt  of  tbe  angular  flare  of  the 
bean  Is  the  diffraction  on  tbe  nlrrora.  If  the  mirrors  have  a  dlaaeter  of 
tbe  order  of  centlaeters,  then  the  Halting  angular  flare  for  the  wlelble 
raps  will  be  of  tbe  order  of  10~^.  With  a  dlaenslon  of  the  alrrors  of 
tbe  order  of  asters  It  will  be  10~7.  The  solid  an^ee,  respeetlTslp,  are 
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This  gftit  diractivlty  proves  to  W  tho  teoic  odviiatoc*  •t  tho  optical  raaca 
at  ceeparad  with  tho  mdio  raafo.  Tho  fs^at  directirltp  aakca  raalistlc 
tho  attalalBC  of  voafoo  of  aetloa  or  tho  ordor  of  10^3~.io^^  ka.  1.  o. , 
raasea  oa  aa  aatroaaalcal  oealo. 

A  (onerator  of  cohorcat  radiatloa  of  practical  iatoreat  waa  created  h/ 
MalBBaa  /.  10_/  with  a  aolid  aa  tho  actlro  Dodlua.  Tho  aaplif/lag  aodiaa  la 
ruhia,  tho  erpatal  of  alaalaaa  ozido  AI2O3  with  an  adaizture  of  chroaliia 
ozlda  Cr^O^.  ordiaarllp  ia  the  aaonat  of  0.05  to  0,$1L 

Tho  priority  ia  tho  aae  of  ruhia  for  alcrowave  generatora  holoaea  B.  0. 
BaaoT  aad  A.  N.  Prokhoroo.  A  aoriea  of  inTeatigations  of  the  optical  prop> 
ertiea  of  ruhin  waa  done  hy  B.  A.  Tolatyy  and  ?.  P.  OooflloT  ^  11  _J, 

The  actiro  anhataaco  in  mhla  aro  the  Iona  of  ehroaiua  Tho 

energy  ayatea  of  the  lewola  of  Cx***  coataina  two  broad  energy  banda  cloaar 
to  the  baaie  level  aad  a  double  aotaatable  lerdl  the  tranaitioaa  froa  which 
to  the  baalo  lord  eorroapoad  to  tho  ware  loagtha  of  red  light,  6,929  and 
6.9^3  i  (Pis*  3)*  Pith  iatenao  radiation  of  the  rubin  by  green  light  froa 
a  poirerfhl  pnlao  laap  deaigned  with  aeon  aad  krypton  there  occura  a  tranaitioa 
of  Iona  onto  the  IotoIo  of  tho  broad  band,  dance  it  la  very  probable  that 
there  ia  a  traaaition  of  Iona  without  radiation  onto  the  double  level  with 
the  caiaaiOB  of  the  ezeeaa  of  energy  of  the  cryatalline  lattice  of  the  rubln. 
In  thio  way  It  la  poaalble  to  create  conditiona  under  which  the  denalty  of 
the  double  level  will  be  greater  thaa  the  denalty  of  tho  baalc  level  aad  ob¬ 
tain  a  geaemtor  on  the  reeeaaace  liaea  6,929  aad  6,943  H.  The  advantage  of 
rubia  coaaiata  in  the  preaence  of  a  broad  band  of  abaorptioa  for  green  raya 
eorreapondiag  to  a  broad  eaorgy  band.  Thia  aakea  it  poaalble  to  introduce 
into  the  rubia  great  excitation  power.  Along  with  thia  aituatioa  the  red 
liaea  do  not  have  great  width,  wbidt  aaanrea  good  conditiona  for  their  »»• 
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plificatloB.  Llttl*  Bceordiac 
to  the  fenula  (5)  correepoado  to 

larc*  K> 

Ib  the  ceBerator  of  coheraat  red 
light  OB  the  llBo  6,9^3  ^  there  «aa 
need  a  cubic  cryetal  of  rubia  wouBd 


Tig,  3.  Key:  (1)  abeorptioa  of  greoB 

around  by  a  polee  euapiag  tube. 

light  (2)  traneitioas  without 

The  puBulBg  .  tube  radiated  powerful 

radlatioB;  (3)  enieaioB  of 

puleee  of  light  ia  thoueande  of  kilo 

red  li^t. 

watte  with  a  leagtb  of  about  1  Billieee 
aad  a  frequency  of  repltition  of  1  pulse  ^0—60  sec,  liaited  by  the  heatiag  of 
the  tube.  In  the  crystal  of  rubin  there  was  created  a  pulse  of  red  coherent 
radiation  with  a  spectral  width  1b  1  angular  dlTergence  of  0.01*,  and 
an  instantaneous  power  of  the  order  of  10  kw.  The  power  arerage  in  tine  of 
the  red  beam  amounted  to  20  kw.  la  the  perfected  rubin  generator  of  the  Bell 
concern,  together  with  the  rubin  cube,  there  was  used  a  little  rubin  cylinder 
with  mirror  bases.  Ikiring  the  course  of  the  pooping  tine  1  millisec  the  cry^ 
tal  emitted  by  sparks  of  the  length  of  1  jitec  (with  interrals  of  5*— 10  /isec, 
depending  on  the  power  of  the  pooping)  a  narrow  oonochrooatic  bean  of  red  color. 

In  accordance  with  the  work  of  Maioan  there  is  being  done  interesting 
development  of  generators  of  visible  and  infrared  radiation  with  crystals  of 
calcluo  fluoride  and  admixtures  of  uraaiuo  or  saoarino,  which  enable  one  to 
lower  the  power  of  excitation  by  a  factor  of  500—1,000,  as  coapared  with 
rubin.  A  generator  of  infrared  radiation  with  a  wave  length  of  2.49  microns 
was  mads  on  the  basis  of  a  crystal  of  fluorite  of  calcium  with  a  content  of 
0,05%  of  uranium  admixture.  To  the  emission  of  2.49  microns  there  corresponds 
the  transition  of  ions  of  from  tmmetastable  level  to  the  intermediate 
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ItTtl  located  bolOH.  With  oztroao  ehilliac  thii  latcracdiato  lovol  !■  lose 
la  doniltj  a  factor  of  10^^  tbaa  tho  baoie  onorcj  1oto1«  Thoroforo* 
vith  the  aid  of  the  poaplas  tube  (with  a  power  leea  bf  •  factor  of  500  than 
for  the  rubla  coo*r*bor)  there  can  be  aeeured  the  neceeeary  ahlftlnc  of 
lone  onto  the  aetastablo  level. 

The  shortcoelBC  of  geaeratore  with  crretale  Is  the  pulse  afstea  of  their 
worlciBC.  The  use  of  gaseous  alxturee  described  above  aaJee  It  possible  to  de¬ 
sign  generators  of  eoatlauoue  action.  In  the  paper  bjr  T.  A.  fhbrlkaat  /,  12_/ 
there  Is  given  a  general  aaal/sie  of  the  gaseous  nlztures  for  these  purposes. 

Tor  the  creation  of  a  generator  of  Infrared  radiation  as  an  a^llfylng 
nedlun  there  Is  used  the  plasna  of  a  hlg^wfrequency  gas  discharge  in  a  niz- 
ture  of  hellua  with  aeon  with  a  pressure  of  heliua  ezeeedlag  bgr  ten  tines 
the  pressure  of  neon  £  Throu^  the  action  of  ezcltation  shocks  of 

electrons  the  atoas  of  heliua  pass  into  the  ezcitatlon  stats.  In  the  col¬ 
lision  of  excited  atoas  of  heliua  with  atoas  of  aeon,  the  latter  are  also 
excited  and  pace  to  one  of  the  four  upper  levels  of  neon,  located  close  to 
the  corresponding  level  of  heliua.  The  transition  of  atons  of  neon  fron  these 
levels  onto  one  of  the  lower  levels  (altogether  there  are  10  Interaedlate  ea- 
ergjr  levels)  is  accoapaaled  bj  radiation  in  the  range  fron  0.9  to  1.7 
nlcrons.  The  Infrared  sharply  directed  beaa  possesses  in  this  situation 
conplete  aonochroaatic  quality.  The  power  in  the  beaa  in  0.1  v. 

The  data  of  the  first  devices  are  very  far  la  principle  froa  the  possible 
results.  In  principle  it  is  possible  to  obtain  powers  of  beaas  to  lAleb 
would  correspond  light  pressure  of  the  order  of  a  aillion  atao  spheres.  The 
aoneehreaatic  quality  aakss  it  possible  to  transait  a  great  voluae  of  In- 
fematioa.  All  this  creates  boundless  prospects  for  the  use  of  aapllfiers 
and  generators  of  coherent  li^. 
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